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© Compounds having general formula I 





*0-CH 2 -CH-CH 2 -NH-CH 2 -CH 2 -N 
OH 



I 

wherein 

Ri is hydrogen, lower alkyl, lower alkoxy, alkylenoxy, 
halogen, cyano, carboxyamido or ureido group 
optionally separated from the phenyl ring by a 
methylene or ethylene bridge; 
is hydrogen, halogen, lower alkyl or alkoxy; 
is hydrogen, halogen, lower alkyl, lower alkoxy or R 2 
and R 3 , taken together, are a methylendioxy group; 
, is hydrogen or lower alkyl, 
endowed with remarkable cardioselective p-adrenolytic 
properties, are described. 

The process for their preparation and pharmaceutical 
compositions containing them are also described. 
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New aryloxypropanolamine derivatives, process 
for the preparation thereof , pharmaceutical 
cqmpositions and therapeutic use 

The object of the present invention is provided 
by. new aryloxypropanolamine derivatives endowed 
with potent and selective myocardial fl-adrener- 
gic receptors blocking activity. 

The compounds according to the present inven- 
tion have the following general formula I: 




wherein 

R j is hydrogen, lower alkyl, lower alkoxy, alkyl 
enoxy r halogen, cyano, carboxyamido or ureido, 
group optionally separated from the phenyl 
ring by a methylene or ethylene bridge; 

R 2 is hydrogen, halogen, lower alkyl or alkoxy; 

R 3 is hydrogen, halogen, lower alkyl, lower al- 
koxy or R 2 and R 3# taken together, are a methyl 
endioxy group? 

R 4 is hydrogen or lower alkyl. 

The R and S forms, as well as their racemic 
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mixture, are also included in the meaning of 

formula I. Moreover , when R is different from 

4 

hydrogen, the compounds of the invention exist 
in the form of two couples of diastereoisomers 
which can be separated by fractional crystalliza- 
tion or by chromatographic methods: therefore the 
invention includes both the separated couples and 
their mixtures or the separated optically pure forms. 

Finally, another object of the invention is 
provided by the addition salts of the compounds 
of formula I with pharmaceutically acceptable 
acids such as, for instance, hydrochloride, hydro- 
bromide, sulphate or bisulphate, phosphate, ace- 
tate, tartrate, citrate, maleate, methansulphona- 
te etc. 

Beta-blocker compounds of general formula 

X-CH -CH-CH HS— C— (CH }— R 
2 | 2 i T 2 n 3 

OH R R - 

4 6' 

wherein, inter alia , X may be an oxygen atom, 

R i' R 4' R s and R 6 may be h y dro 9 en ' n ma y be 

1 and R^ may be an imidazole ring at least par- 
tially hydrogenated, linked to the rest of the mo 
lecule. by means of one of the nitrogen atoms and 
bearing one or two oxo or thio groups arid optioj^- 
nally one or more alkyl substituents, are 
included within the general meanings of 
British patent n. 1345075, In said patent, besi- 
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des the fact that the possibility of substitu- 
tion by a phenyl group of the possible imida- 
zole residue is not even mentioned, it should be 
pointed out that the compounds having a hydantoin 
residue in the basic moiety are simply cited and 
never exemplified, the class of the compounds having 
a substituted 1-1, 2, 3, 4-tetrahydro-2/ 4-dioxo-pyr imid.L 
ne group. being preferred. 

Some other G-blockers having also an imidazoli- 
none group linked to the amine group by means of 
an alkylene chain, are described in the German pu- 
blished patent application n. 2644833 claiming 
compounds of general formula 



R 

2 




OCH -CH- — CH -N— Alkylene— R 
2,2, 5 



R \ * : OA R 

4 

wherein Alkylene means a C^-C linear or branched 
alkylene chain, A and R^ may be hydrogen and R^ 
may represent, inter alia , a 3-phenyl-2-imidazoli- 
none group of formula 




The compounds of the invention are, on the con- 
trary, characterized by the presence of a hydan- 
toin group having a nitrogen atom linked to the 
propanolamine nitrogen by means of an ethylene 
group and an optionally substituted phenyl ring 
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on the other nitrogen atom. 

The compounds of the invention are easily peer 
pared by reaction of an 1-ary 1-3-ethyl hydantoin 
of formula II with an aryloxy propane derivati- 
5 ve of formula III 




wherein R 2 , R 3 "and R 4 have the above defined 

meanings, X is an amine group or an halogen atom, 
Z is hydrogen, and 



15 Y is an optionally protected amine group, or an 
halogen atom, 

or Y and Z, taken together, form an epoxidic bond 
between the oxygen atom and the terminal carbon, 
with the proviso that one and only one between X 
20 and Y must be "ah amino or protected amino group. 
The term "halogen" may include chlorine, bro- 
mine, iodine and fluorine but, preferably, it 
stands for a bromine or a chlorine atom. 

"Protected amino group" means an amino group 
25 wherein one of the two hydrogen atoms is substitu- 
ted by a protective : group, as it is known in the 
$rt, which can be. easily displaced when the reac- 
tion is over so as to restore the free amino gro- 
. up . 
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According to the present invention, preferred 
protective groups are, for instance, the benzyl, 
nitrobenzyl, halobenzyl groups, and in general 
the ring-substituted benzyl groups, and the trytyl 
5 group which, when the reaction is over, can be ea- 
sily displaced by hydrogenolysis in mild condi- 
tions . 

Generally, the reaction between the hydanto^ 
in derivative II and the aryloxypropane derivati- 

10 ve III is carried out in the presence of a polar 
organic solvent, protic or aprotic, such as alco- 
hols, dimethylsulf oxide, dimethylf ormamide, tetra- 
hydrofuran etc. 

The reaction can take place even 

15 at room temperature, but, preferably, the reaction 
mixture is heated up to the reflux temperature 
in order to increase the reaction rate. 

When X or Y are a halogen atom, it is usually 
necessary either the presence of an excess of the 

20 other basic reagent or even better the presence of 
an additional organic or inorganic base, such as 
a trialkylamine, pyridine, picoline etc. or an 
alkaline hydroxide or carbonate as an acceptor of 
the halogenidric acid forming during the reaction. 

25 On the other hand, when Y and Z taken together 

form an epoxide bond, generally a slight excess 
of the epoxide reagent is preferably used. 

Moreover, in this case, the reaction c^h be 
carried out also in the absence of solved f by 
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melting together the two reagents. 

When the reaction, which is followed by 
thin layer chromatography, is over, the solvent 
(when present} is evaporated and the obtained 
5 crude product is purified by usual methods such 
as fractional crystallization or chromatographic 
techniques „ 

According to a preferred embodiment of the pre 
sent invention, the compounds of formula I are 
10 prepared by reaction of a l-aryl-3- ( 2-aminoethyl) - 
hydantoin (II, X = NH 2 ) with a l,2-epoxy-3- 
phenoxy-propane (III, Y and Z form together an 
epoxide bond) in the presence of a lower alipha- 
tic alcohol (methanol, ethanol) as a solvent, by 
15 refluxing the reaction mixture for some hours. 

The solvent is then distilled off and the cru- 
de residue so obtained is purified by crystalliza 
tion or chromatography. 

The starting products of formula II can be 
20 easily prepared in turn starting from the corre- 
sponding N-phenylglycine compounds of formula. IV or 
from a lower alkyl ester thereof. 

NH-CH-COOIT 

I 5 . 

R 4 

IV (R 5 = H or (Cj-C^alkyl) 
by reaction with an alkaline cyanate followed 
by conversion of the so obtained 1-aryl-hydantoin 



25 
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of formula V 




V 

into the desired l-aryl-3- ( 2-substituted-ethyl ) - 

hydantoin II by reaction with an haloethylene 

derivative of formula Halo-CH^-CI^-X wherein Halo 

means an halogen atom and preferably a bromine or 

chlorine atom and R 0 , R_, R and X have the above 

2 3 4 

defined meanings. These reactions are carried out 
according to usual methods known in the art. 

For instance, good results are obtained by re- 
fluxing a slightly acidic aqueous solution of the 
N-phenylglycine IV and equimolar amounts of potas 
sium cyanate and precipitating the product V, at 
the end of the reaction by mineral acid acidifica 
tion. Then, this intermediate can be used as such 
in the subsequent step providing the reaction with 
the haloethylene derivative in at least equimolar 
amounts, in the presence of a strong base such as 
an alkaline hydroxide or hydride. The reaction is 
carried out in a polar, protic or aprotic, solvent, 
preferably an alcohol, by refluxing the reaction 
mixture for some hours. When the reaction is over 
the desired product of formula II is recovered ac- 
cording to usual methods. 
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The starting compounds of formula III are 
generally known compounds and are prepared 
according to methods known in literature. 

Whereas the single enantiomers having formula 
I have to be prepared, when is hydrogen, these 
can be obtained either by stereospecif ic synthe- 
sis starting from the suitable reagent III having 
the desired configuration (R or S) of the asymme- 
tric carbon atom, or by resolution of the race- 
mic mixture through formation of an addition 
salt with an optically active organic acid and f rac 
tional crystallization of the two diastereoisome- 
ric salts so obtained. In the first instance, the 
stereospecif ic synthesis of the reagent III, whe- 
rein, according to a preferred embodiment of the 
invention, Y and Z taken together form an epoxi- 
de bond, starts from the two enantiomers of 2,3- 
isopropylidenglycerol VI (Scheme I) which is reac 
ted with tosyl .chloride to give, the tosylderiyati 
ve VII, in its turn condensed with the suitable 
phenol to give VIII. The reaction of the latter 
with hydrobroraic acid in acetic acid yields the 
bromidrine acetate IX which, by base treatment in 
phase-transfer catalysis conditions, gives the epo 
xide III, having R or S conformation depending on 
the S or R configuration of the starting material. 
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0116825 



- 10 - 

The chiral epoxide III, so obtained, after 
reaction with the hydantoin derivative II, where- 
in X is amino, gives the product I having the same 
configuration. In the second case, optically acti- 
5 ve organic acids which can be suitably used in 

the resolution of the racemic base are £-mandelic 
acid, d-camphorsulfonic acid, d-tartaric acid 
etc. 

When R 4 is different from hydrogen, and it is de 
10 sired to prepare the single enantiomers, it is con 
venient to carry out a stereospecif ic synthesis 
starting from both reagents having the desired con 
figuration. Alternatively, the reaction can be car- 
ried out using only one of the two reagents in op- 
15 tically pure form and separating thereafter the two 
diastereoisomers of formula I which are then obtai- 
ned by means of usual methods* 

The following non limitative examples illustrate 
the process according to the invention further on. " 
20 EXAMPLE 1 

l-Phenyl-3- £/2- ( 3-phenoxy-2-hydroxy ) propylaroino7- 
ethylfoydantoin hydrochloride la 

A solution of 1-pheny 1-3- (2-aminoethyl) -hydan- 
toin (6.4 g, 29. 11 mmoles) and of 1, 2-epoxy-3-phe- 
25 noxypropane (J ? Chenw Soc. 9f5 r 1803) (4.38 g, 
29.17 mmoles) in methanol (90 ml) was refluxed 
for three hours. 

The solvent was evaporated and the crude produ- 
ct was purified by column chromatography eluting 
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with ethyl acetate/methanol . The solvent was eva- 
porated, the reaction product was treated with 
acetone and 2N hydrochloric acid was added thereto. 
The title compound (la), melting point 184-185°C, 
precipitated. 
EXAMPLE 2 

In the same way as in Example 1, but reacting 
the l-phenyl-3-(2-aminoethyl)hydantoin with 3-(3- 
methyl-phenoxy ) -1, 2-epoxypropane (Chem. Ber. 24 , 
2146), with 3-(2-cyanophenoxy)-l, 2-epoxypropane 
(Ger. Of fen. 204 8838), with .3- ( 2-methylphenoxy )- 
1, 2-epoxy-propane (Chem. Bef. . 24, 2146) or with 
3- ( 2-chlorophenoxy ) -1 , 2-epoxypropane ( C.A.41, 
3755h) the compounds lb, Ic, Io and Ip, whose cha- 
racteristics are reported in the Table I, were 
respectively obtained. 
EXAMPLE 3 

Starting from the l-(4-chlorophenyl)-3-(2- 
aminoethyl)-hydantqin and carrying out the reac- 
tion as in the Example 1, the compound Id, Ie and 
If were obtained by reaction respectively . with 1,2- 
epoxy-3-phenoxypropane , 3- ( 3-methylphenoxy ) -1 , 2- 
epoxypropane and 3-(2-cyanophenoxy)-l, 2-epoxypro- 
pane. The characteristics of the products are re- 
ported in the Table I. 
EXAMPLE 4 

In the same way as in Example 1, by reaction of 
the 1- ( 3 , 4-dimethoxyphenyl ) -3- ( 2-aminoethyl ) -hydan 
toin with 1, 2-epoxy-3-phenoxyprppane, 3-(3-methyl- 

r\ V.S v.' 
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phenoxy )-l, 2-epoxypropane and 3- ( 2-cyanophenoxy ) - 
1, 2-epoxypropane the compounds Ig, Ih and Ii r 
Whose characteristics are reported in Table I, 
were respectively obtained. 
EXAMPLE 5 

1- ( 4-Methoxyphenyl } -3-^2 -/3- ( 2-cyanophenoxy ) -2- 
hydroxypropyl/aminoethyljhydantoin hydrochloride 

II ~ ~~ ' 

In the same way as in Example 1, the final pro- 
duct lt t whose characteristics are reported in Ta- 
ble I, was obtained by reaction of the l-(4-metho- 
xyphenyl)-3-(2-aminoethyl)-hydantoin with 3-(2- 
cyanophenoxy ) -1, 2-epoxypropane . 
EXAMPLE 6 

1- ( 3 , 4-Methylendioxyphenyl ) -3-^2-/3- ( 2-cyanophe- 
noxy ) -2-hydroxypropyl7aminoethy ij hy dantoin hy- 
drochloride Im ™^ 

In the same way as in Example l f the final 
product Im, whose , characteristics are reported 
in Table 1, was obtained by reaction of the 1- 
(3 , 4-methylendioxyphenyl ) - 3- ( 2-aminoethyl ) -hy- 
dantoin with 3- ( 2-cyanophenoxy ) ^1 , 2-epoxypropane . 
EXAMPLE 7 

1- ( 3-Methoxyphenyl ) -3- {2-/3- ( 2-cyanophenoxy ) -2- 
hy droxypropy 17- aminpe thy Ijhy dantoin hydrochlo- 
ride In 

In the same way as in Example l f the final pro 
duct In, whose characteristics are reported in 
Table I, was obtained by reaction of the l-(3-me^ 
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thoxyphenyl)-3- ( 2-aminoethyl ) -hydantoin with 3- 
{ 2-cyanophenoxy } — 1 , 2-epoxy-propane . 
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EXAMPLE 8 



The compound la was prepared also in the follo- 



wing way. 

A mixture of l-phenoxy-3-benzylamino-2-propa- 
5 nol(Ann. Inst. Pasteur, 44, 719, 1930) (0.514 g, 2 
mmoles ) ) , 1-pheny 1-3- ( 2-bromoethyl ) hydantoin 
(0.566 g, 2 mmoles) and sodium bicarbonate (0.168 
g, 2 mmoles), in ethanol (15 ml) was refluxed for 
54-hours. The salts were, filtered and the mother 
10 liquors were evaporated. The residue was crystallized 
twice from toluene/hexane and transformed into 
hydrochloride adding 2N hydrochloric acid to the 
solution of the product in acetone. 160 mg of 1- 
phenyl-3- {/2-N-benzyl-N- ( 3-phenoxy-2-hydroxy ) - 



pr opylamino/e thy lj hydantoin • HG1, m.p., (crude) 
185 dec, precipitated. 

This product (160 mg, 0.32 mmoles) was dissolved 
in 20 ml of ethanol, 16 mg of 10% palladium on 
charcoal were added and the mixture was hydrogena- 
ted at room temperature and .pressure . After 4 
hours the debenzyla:tion was complete. -Ia (mg 96),- 
m.p. 184-185°, was obtained, 
EXAMPLE 9 

( R) - ( + ) -l-Phenyl-3-{2-/T- ( 2-cy anophenoxy ) -2-hydro- 
xypropyl7aminoethyl|hydantoin hydrochloride Ic 
( R ) - ( - ) -3- ( 2-Cyanophenoxy ) -1 , 2-epoxypropane 
(1.34 g, 7.6 mmoles) was added in portions to a 
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refluxed solution of l-phenyl-3- ( 2-aminoethyl)- 
hydaritoin (1.75 g, 8 mmoles) in 50 ml of metha- 
nol. 

Heating was continued for 5 additional hours. 
The mixture was evaporated and the crude product 
purified by silica gel column chromatography, elu- 
ting with chlorof orm/methanol . 1.4 g of Ic (R iso- 
mer) as a base, (C = 1, EtOH) = +4.14°, were 
obtained. 

From 1 g of base, dissolved in acetone and trea 
ted with 2N hydrochloric acid, the hydrochloride 
was obtained, g 1 (jk£ (C = 0.5, MeOH) = +16.57°. 
EXAMPLE 10 



( S ) - ( - ) -l-Phenyl-3^2-/3- ( 2-cyanophenoxy ) -2-hydroxy- 

propyl/aminoethylj hydantoin hydrochloride Ic 

In the same way as in Example 9, from 1-phenyl- 

3- (2-aminoethyl) -hydantoin (2.3 g, 10.5 mmoles) 

and S- ( + ) -3- ( 2-cyanophenoxy ) -1 , 2-epoxypropane 

(1.75 g, 10 mmoles) 1.5 g-of Ic- (S isomer) as ba- - 

se were obtained, /Qf_/ (C = 1, EtOH) = -2.82. 

D 

From 1 g the hydrochloride was prepared, 1 g 

/Of 7 (C = 0.5, MeOH) = -15.75°. 
D 

EXAMPLE 11 

R- ( + ) -1-Pheny l-3-|2-/3- ( 2-cyanophenoxy ) -2-hydro- 
xy propyl/- ami noethyl| hydantoin Ic 

A mixture of (+) Ic (base) (3.94 g, 10 mmoles) 
and D-(-)-mandelic acid (1.52 g, 10 mmoles) was 
dissolved by heating in 30 ml of acetone. After 
cooling, the precipitated salt was filtered, m.p. 
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115-118°, (QJ (C = 0.5, MeOH) = -24.3°, g 2.42. 

D ■ 
The product was crystallized again from 20 ml of 

acetone, obtaining a precipitate melting at 140- 

141°, /0<7 (C = 0.5, MeOH) = -19.67°. 

5 A third crystallization from acetone gave 1.2 

g of salt, m.p.l40°, /yj (C = 0.5, MeOH)= -20°. 

D 

After treatment with 5% NaOH and extraction with 

chloroform the dextrorotatory isomer of Ic was 

obtained, 0.5 g, /<*_7 (C = 1, EtOH) = +3.49°. 

D 

10 Following substantially the same procedures de- 

scribed in the above reported examples, the follo- 
wing compounds were prepared: 

~ l-phenyl-5-methyl-3-|2-/3- ( 2-cyanophenoxy ) -2- 
hy droxypropyl/aminoethyljhydantoin ; 
15 - l-(3-methoxyphenyl)-5-methyl-3-|2-/3-( 2-cyano- 
phenoxy ) -2-hylroxypropyl/aminoethylJ hydantoin; 

- 1- ( 4-methoxypheny 1 ) - 5-methyl-3- [2-/3- ( 2-cyano- 
phenoxy ) -24iy droxypropyl/aminoethylj hydantoin ; 

~ l-(3,4-dimethoxyphenyl)-5-methyl-3-|2-/3-(2- 
20 cy anophenoxy ) -2-lydroxypropy Vaminoethylj hydan- 

toin; 

- 1- ( 3-ethoxyphenyl ) -3- ^2-/3- ( 2-cyanophenoxy ) -2- 
2-hydroxypropyl/aminoethyl| hydantoin 

- 1- ( 4-ethoxyphenyl ) -3- {2-/3- ( 2-cyanophenoxy ) -2- 
25 hydroxypropyl/aminoethy l] hydantoin ; 

- 1- ( 3-methoxyphenyl ) -3- {2-/3- ( 2-methylphenoxy ) - 
hydroxypropyl/aminoethy lj hydantoin 

- 1- ( 4-methoxyphenyl ) -3- (2-/3- < 2-methylphenoxy ) - 
2hydroxypropyl/aminoethyl] hydantoin :.. 
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~ 1- ( 4 -chlorophenyl ) -3-{2-/3- ( 2-methylphenoxy ) -2- 

hydroxypropyl/aminoethyljhydantoin; 

- l~(3 r 4~dimethoxyphenyl)^3^{2-/3-(2-methylphe-- 
noxy ) -2-hydroxypropyl/aminoethyl}hydantoin ; 

5 - 1- ( 3 , 4-methylendioxyphenyl ) -3- {2-/3- ( 2-methyl- 
phenoxy ) -2-hydroxypropy Vaminoethy l} hydantoin ; 

- 1- ( 3-methoxyphenyl ) -3- {2-/3- ( 2-chlorophenoxy ) - 
2-hydroxypropyl/aminoethyl}hydantoin 

- 1- ( 4 -methoxyphenyl ) -3- {2-/3- ( 2-chlorophenoxy ) - 
10 2-hy droxypr opyl/aminoethy l\ hydantoin ; 

- 1- ( 4 -chlorophenyl ) -3- {2-/I- ( 2-chlorophenoxy ) - 
2-hydroxypropyl/aminoethyl] hydantoin 

- 1- ( 3 , 4-dimethoxyphenyl ) -3-^2-/3- ( 2-chloropheno- 
xy ) -2-hydroxypropyl/aminoethyl}hydantoin ; 

15 ~ 1- ( 3 , 4 -methylendioxyphenyl ) -3-^2-/3- ( 2-chloro- 
phenoxy ) - 2 -hy droxypr opyl/ami noe thy l] hydantoin ? 

- 1- ( 3-methoxyphenyl ) -3-^2-/3- ( 2-allyloxypheno- 
xy ) -2-hydroxypropyl/aminoethyl }hydantoin; 

" l-phenyl-3-{2-/3-{ 2-allyloxyphenoxy )-2-hydro- 

20 xypr opyl/aminoe thy 1} hydantoin. 

PREPARATION OF THE STARTING COMPOUNDS 
A/ l-Phenyl-3-( 2-aminoethyl ) hydantoin 

A solution of N-phenyl glycine (Fluka) (30.2 g, 
0.2 moles) in 900 ml of water and 1 ml of acetic 

25 acid was heated to 60°C. After thirty minutes po- 
tassium cyanate (16.2 g, 0.2 moles) in 100 ml of 
water was added. Heating was continued for 90' r 
then 25 ml of 37% hydrochloric acid were added 
and the reaction mixture was heated for 15 h at 
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90°C. After cooling the precipitate was filtered 
and crystallized from 95% ethanol. 8.65 g of 1- 
phenylhydantoin were obtained, nup. 197-198°. 
2-Bromoethylamine hydrobromide (24.6 g, 0.12 
5 moles) was added to a solution of 1-phenylhydan- 
toin (21.35 g, 0.12 moles) and potassium hydro- 
xide (16.65 g f 0.25 moles) in 600 ml of absolute 
ethanol at 90°C. The reaction mixture was reflu- 
xed for 48 h, cooled, the salts were filtered, 

10 and evaporated. 

The residue was treated with aqueous hydroch- 
loric acid and washed with chloroform. The aque- 
ous phase was alkalinized by sodium bicarbonate 
and extracted with chloroform. After solvent eva- 

15 poration the title compound was obtained, 13 g, 
yield 50%, m.p. 151-153°. 

5/ 1- ( 4-Chlorophenyl ) -3- ( 2-aminoethyl )hvdantoi n 

In the same way as in 1/ and reacting the N-(4- 
chlorophenyl ) -glycine (42.2 g, 0,227 moles) with 
20 potassium cyanate (18.4 g, 0.227 moles) the l-(4- 
chlorophenyl)hydantoin was obtained, m.p. 234- 
236°C. 

By reacting the latter (19.6 g, 93 mmoles) with 
2-bromoethylamine hydrobromide (19.05 g, 93 mmo- 
25 les) as described in A/ the title compound was 
obtained, m.p. 142-145°C. 

C/ 1- ( 3 , 4 -Di methoxypheny 1 ) -3- ( 2-aminoethyl )hv- 
dantoin 

In the same way as in A/ and reacting the N-(3,4- 
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dimethoxyphenyl) glycine (17.2 g, 81 mmoles) with 
potassium cyanate (6.6 g, 81 mmoles) the l-(3,4- 
dimethoxyphenyl) hydantoin was obtained/ m.p.223- 
225°C. By reacting the latter (11.23 g r 47.5 mmo- 
les) with 2-bromoethylamine hydrobromide (9.74 g, 
47.5 mmoles) as described in A/ the title compound 
was obtained, m.p. 162-164°C. 

D/ 1- ( 4-Methoxyphenyl ) -3- ( 2-aminoethyl ) hydantoin 

In the same way as in A/ and reacting the N- 
(4-methoxyphenyl) glycine (71.87 g, 39 6 mmoles) 
with potassium cyanate (38.7 g, 595 mmoles) the 

1- (4-methoxyphenyl) hydantoin , was obtained, m.p. 
197-198°C. 

By reacting the latter (20.62 g f 100 mmoles) 
with 2-bromoethylamine hydrobromide (20.49 g f 100 
mmoles) as described in A/ the title compound was 
obtained, m.p. 143-146°C. 

E/ 1- ( 3 / 4-methy lendioxyphenyl ) -3- ( 2-aminoethyl ) - 
hydantoin 

In the same way as in A/ and reacting the N- - 
( 3 / 4-methy lendioxyphenyl ) glycine ethyl ester 
(16.8 g, 75 mmoles) with potassium cyanate (9.16 
g, 113 mmoles) the l-(3 f 4-methylendioxyphenyl)- 
hydantoin was obtained, m.p. 241-243°C. 

By reacting the latter (6 g, 27 mmoles) with 

2- chloroethylamine hydrochloride (3.8 g, 32.7 
mmoles) as described in A/ the title compound was 
obtained, m.p. 171-173°C. 

F/ 1- ( 3-Methoxyphenyl ) -3- ( 2-aminoethyl )hydantoin 
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In the same way as in A/ and reacting the N-(3-me- 

thoxyphenyl )glycine ethyl ester (26 g, 124 mmoles) 

with potassium cyanate (15.13 g, 186 mmoles) the 

l-( 3-methoxyphenyl) hydantoin was obtained, m.p. 
5 107-108°C. 

By reacting the latter (6 g, 29 mmoles) with 2- 
chloroethylamine hydrochloride (4.5 g, 35 mmoles) 
as described in A/ the title compound was obtained, 
m.p. 127-129°C. 

10 £/ l-Phenyl-3-(2^bromoethyl) hydantoin 

A mixture of 1-phenylhydantoin (5 g, 28.3 mmoles), 
85% potassium hydroxide (2.06 g, 31.2 mmoles), 
1,2-dibromoethane (11.72 g, 62.4 mmoles) and potas- 
sium iodide (catalytic amounts) in 100 ml of etha- 

15 nol was refluxed for 67 hours. The solid was filte- 
red, the mother liquors were evaporated and the cru- 
de product was purified by silica gel column chroma- 
tography eluting with increasing mixtures of ethyl 
acetate in hexane. By crystallization from acetone/ 

20 hexane 1.56 g of the title compound were obtained, 
m.p. 146-147°C. 

y (R)-(-)-3-( 2-Cyanophenoxy ) -1, 2-epoxypropane 

2-Cyanophehol (8.12 g, 68.1 mmoles) was added to 
a suspension of sodium hydride (3.27 g, 68.1 mmoles) 
25 in 70 ml of anhydrous dimethylf ormamide. 

When the hydrogen evolution was over, a solution 

of ( R ) - ( - ) -2 , 2^dimethyl-4- tosyloxymethyl-1 , 3-dioxo- 
lane /Chem, Pharm. Bull. 29, 3593 (198127* (19.5 
3, 68.1 mmqlesj in 70 ml of dimethylf ormamide, was 
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added dropwise. The mixture was heated to 130° for 

3 hours, poured in ice and extracted with ether, 

and the organic phase was then washed with 1.5% 

NaOH and with water. 

5 The organic phase was then dried and evaporated, 

yielding 9-7 g of S-(+)-4-(2-cyanophenoxymethyl)- 

2, 2-dimethyl-l, 3-dioxolane as yellow oil, yield 

84.8%, fcKJ (C = 1, EtOH) = +28.4°. 

40% Hydrobromic acid in acetic acid (22 ml, 

10 160.5 mmoles) was added dropwise to a solution of 

the latter compound (10.7 g r 45.9 mmoles) in 18 ml 

of acetic acid, cooled at 0°C. The mixture was 

stirred for 5 hours at room temperature, thereafter 

water, ether and sodium bicarbonate were added up to 

15 neutrality. The organic phase was separated, dried 

arid evaporated. 

13.6 G of (S)-(+)-3-(2-cyanophenoxy)-2-acetoxy- 

1-bromopropane were obtained as oil, yield 99.4%, 

ftCJ (C = 1, EtOH) = +15.16°. 
D 

20 A solution of (S)-(-*-)-3-(2-cyanophenoxy)-2-ace- 

toxy-l-brombpropane and cetyltrimethyl ammonium 
bromide (2.54 g) in 130 ml of methylene chloride was 
added to 130 ml of 10% sodium hydroxide and the 
mixture was stirred for 15 hours. The phases were 

25 separated, the organic phase was washed with a 

saturated sodium chloride solution, dried and eva- 
porated. The crude product was purified by silica 
gel column chromatography, eluting with cyclohexa- 
ne/methylene chloride. 
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2.77 g of the title compound were obtained, 
m.p. 84-86", /AJ (c - 1, EtOH) =-16.07% 
V ( S ) - ( + ) -3- ( 2-cyanophenoxy ) -1 -, 2-epoxypropane 

In the same way as in h7 but reacting 2-cyano- 
5 phenol (7.1 g, 59.7 iranol.es) with (S)-( + )-2, 2-dime- 
thyl-4-toxyloxymethyl-l,3-dioxolane (J. Org. Chem. 
42, 1006 (1977)) (17.1 g, 59.7 mmole.s) the (R)-(-)- 
4- ( 2-cyanophenoxymethyl ) -2 , 2-dimethyl-l , 3-dioxola- 
ne with /«_/ (C = 1, EtOH) = -30.18°, was obtained. 
10 The reaction of this compound (13.9 g, 59.6 mmoles) 
with 40% hydrobromic acid in acetic acid yields 

(R)-(-)-3-(2-cyanophenpxy)-2-acetoxy-l-bromopropa- 
ne with /~d~^ (C = 1, EtOH) = -15.9°. 

Finally, starting from this compound and carrying 
15. out the reaction as described in the third and last 
step of H/ , the title compound was obtained 7 
(C = 1, EtOH) = +17.69°. D 
The pharmacological activity of the compounds 
of the invention was evaluated by determining the 
acute toxicity, the in vitro" and in vivo B-block-" 
ing activity. 
I .V. Toxicity in mice 

Charles River male CD 1 mice, weighing 25 g 
were used. The administration volume of the compo- 
unds, solubil^f d H ? 0 and exceptionally in dime- 
thylsulf oxide, was 6.02 ml/lo g of body weight. 

ThG L0 5o afte? 7 ? avs w : as calculated according 
to the method qf Litchfield and Wilcoxon (J. Pharm. 
Exp. Ther. 96; 99, 1949 ) . . ' 



20 



25 
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In vitro B-blocking activity 

Hartley albino guinea pigs of 450 g average wei- 
ght were used. The atria and the trachea have been 
suspended respectively in Ringer oxygenated solution 
5 at 32°C, and in Krebs carboxygenated solution medi- 
cated with pilocarpine, at 37°C (J. Pharmacol. 66 , 
455P, 1979). 

After 30 1 minute stabilization the samples were 

stimulated with a single submaximal concentration of 

-8 

10 isopropylnoradrenaline (INA) (10 M for the atria 
and 10 7 M for the trachea) in the absence or presen 
ce of different antagonist's concentrations. 

The percent inhibitions of the chronotropic and 
positive inotropic effect (atria) and of relaxation 

15 (trachea) were evaluated and the IC^q values were 
calculated therefrom. 

B-Blocking activity on conscious rats, i-v. 

Male Wistar rats, weighing 250-350 g (from Char- 
les River) whose common left carotid artery and 
20 the right jugular vein were chronically catheterized 
under sodium Pentobarbital anaesthesia (35 mg/kg, 
i.p.) (J. Pharm. Pharmacol. 34, 442, 1982), have 
been used. The arterial pressure (AP) and heart 
rate (HR) were graphically recorded on a type R. 
25 multichannel Beckman poligraph. 

I.V. administrations of a single and submaximal 
dose of INA (O. 12-0. 16 mg/kg) were carried out befo 
re and after the i.v. treatment with a J3 -blocker 
of the present invention and the percent inhibition 
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of the INA positive chronotropic effect {Q^ as 
described by Kreighbaum (J. Med. Chem. 23, 285, 
1980) was evaluated. 

As reference compounds four B-blocking drugs, 
5 widely utilized in therapy were used: atenolol, 
labetalol, propranolol and metoprolol. 

From the results, reported in Table II, it is 
evident how the compounds of the invention, in ad- 
dition to a relatively low toxicity, are endowed 

10 with an high B-adrenoly tic action, with a much 
higher specificity for the myocardial fl recep- 
tors than for the peripheric ones (B-), typical 
of the bronchial, tracheal and vascular tissues. 
Moreover it must be pointed out that the 

15 blocking activity in conscious rats, because of 

the high cardioselectivity degree, could be under 
valued because of residual reflex tachycardia due 
to the non-blocked B 2 hypotensive stimulus. This 
phenomenon has been already described in litera- 

20 ture ( Br . J> Pharmacol • , 251P , 1982). 

The cardioselectivity is a particularly desi- 
rable property in a B-blocking drug which can be 
thus used also in asthmatic patients or in patie- 
nts suffering troubles in the peripheric circula- 

25 tion and it could turn but also to be more indica- 
ted even in the treatment of hypertension because 
it does not block the peripheric B 2 vascular re- 
ceptors mediating the vasodilation. 
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TABLE II - In vitro B-blocking activity (guinea 
pigs atria and trachea) and in vivo 
(conscious rat i.v-) and acute toxicity 
(mice i.v.) 



Compound 


Toxicity 


8-Blocking activity (% inhib. 
isoproterenol ) 


Mice i.v. 
ID 

50 

(mgAg) 


Vitro: IC 5Q (M) a) 


Vivo in- 
hib % b) 


Atr; 

Chrono- 
tropism 

x IO -7 


La 

1 

Inotropi- 
sm 

x IO ' 


j.racnea 

B 2 
x 10" 7 


Conscious 

. c) 
rat i.v. 

chronotro- 

pism 


la 


96 (93-99) 


1.4 


4.3 


67 


jy 


lb 


69 (61-77) 


4.3 


9.4 


62 


50 


Ic 


99 (91-107) 


1.2 


0.9 


20 


67 


Id 


45 (40-56) 


7.7 


12 


>100 


18 


Ie 


25 (22-29) 


>100 


>100 


>100 


19 


If 


70 (65-78) 


2.1 


2.7 


60 


68 


ig 


126 (120-132) 2.3 


2.1 


15 


53 


Ih 


111 (106-116) 4.6 


8.9 


11 


58 


Ii 


137 (126-159) 0.82 


1.9 


4.3 


70 


11 


135 


0.45 


0.96 


3.6 


n.d. 


1m 


132 


0.41 


0.63 


7.8 


n.d. 


In 


120 


0.76 


1.3 


6.4 


n.d. 


Io 


60 


1.15 


1.5 


16 


n.d. 


IP 


80 


0.54 


1.15 


6 


n.d. 


Ic (R) 


14 


34 


>1000 


n.d. 


Ic (S) 


0.29 


0.6 


6 


n.d» 


Propra- 












nolol 


36 (32-40) 


0.6 


1.2 


0.79 73 


Labeta- 












lol 


55 (52-59) 


2.4 


2.1 


11 


82 


Ateno- 












lol 


85 (78-93) 


15 


17 


57 


n.d. 


Mstopro 










lol 


103(94-113) 


3.1 


2.9 


IO 


60 



a) 3-4 concentrations : 2-3 runs for each concentration 

b) 2 rats each ccnpound ; c) administered at 1 mgAg except Ia-c 
(3 itgAg) and propranolol (0.1 mgAg)- 
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Moreover, by way of example, some of the com- 
pounds of the present invention have been subjec- 
ted to a deep examination in order to biochemi- 
cally characterize, by means of the receptorial bin 
ding method, the affinity for the B-adrenergic recep 
tors and the specificity for said receptorial site. 

For this purpose, the concentrations values of 
Ic, I i and some reference compounds, able to inhi- 
bit 50% (IC 5Q ) of the binding of the different 3 H 
ligands specific for the receptorial populations 
under study, have been evaluated. 

It has been particularly evaluated the affinity 
of the compounds jc and Ii and of the reference 
compounds for the B^ and B^ receptors. 

The experiments have been carried out according 
to the method described by U. Prichard et al. in 
J. Biol. Chem. 253 (197$), 5090 and the results aire 
shown in the following Table III. 

TABLE III - Molar JC 50 values of inhibition of H 3 - 
" . DHA (Dihydroalprenolol) binding to B^ 

and adrenergic binding and cardio- 
selectiyity index 



Product 


IG B 
50 1 


50 2 


Cardioselectivity 
IC 50 V IC 5 0 °, 


Ic 


6,7xl0" 9 


9.3xl0" 6 


1388.0 


Ii 


9.2xl0" 9 


4 xlo" 7 


43.5 


Metoprolpl 


1 xlo" 7 


2.3xl0~ 6 


23.0 


Propranolol 


3,.7xlO~? 


4.8xl0" 9 


1.3 . - 


Zinterol 


s.5xio" 7 ; 


l;6xlO~ 9 


0.029 
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The data shown in the above Table clearly show 
that the compounds of the present invention, which 
prove to be selectively active molecules at the 
adrenergic system/ have particularly affini- 
5 ty for the receptor ial sub-type, showing there- 
fore particularly high cardioselectivity characteri- 
stics;. 

In fact, the affinity of compounds Ic and Ii for 
the B^ receptors is remarkably lower than the one 

10 shown for B^ receptors,, showing therefore a remar- 
kably higher cardioselectivity degree than that 
of the reference compounds. 

From the above reported data, it is evident that 
the compounds of the invention can be effectively 

15 used in the prophylaxis and therapy of cardiac di- 
seases, angina piectoris, arrythmias, in the treatment 
of hypertension r and in the prevention of reinfarction . 

The present invention concerns also all the indu- 
strial aspects connected with the therapeutical use 
20 of the compounds of formula I or their salts as 
drugs having B-adrenolytic action. 

An essential aspect of the invention is therefore 
provided by pharmaceutical formulations containing 
as the active principle therapeutically effective 
25 amounts of compounds I or sailts thereof together 
with suitable, carriers and excipients. 

For the use as drugs with B-adrenolytic action, 
the compounds of the invention can be administered 
both by the oral and by the parenteral (preferably 
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intravenous ) route . Dosage forms suitable for the 
administration by the oral route comprise capsules, 
tablets, sugar-coated tablets, granules, syrups 
and solutions, whereas, for the parenteral admini- 
5 strations, suitable dosage forms are the sterile 
injectable solutions. 

Said dosage forms are preparaed by compounding 
the' active ingredients of formula I with a suita- 
ble carrier, excipients, binders, preservatives, 
10 stabilizers, flavouring agents or the like as cal 
led for by acceptable pharmaceutical practice. 

Moreover, the compounds of the present invention 
can also be formulated with other pharmaceutical^ 
active ingredients. 
15 The capsules, tablets, sugar-coated tablets and 

granules can comprise particularly excipients such 
as lactose, calcium phosphate, mannitole, starch, 
caoline, etc., binding agents such as adraganth gum, 
gelatine, maize starch etc. , lubricant agents such 
...... 20 as magnesium stearate, talc, calcium stearate etc., 

disgregating agents such as alginic acid, maize 
starch etc., natural or synthetic sweetening agents, 
flavouring agents, and coloring agents. 

The syrups and piraj splutions may contain in ad- 
25 dition to the active principle dissolved in water 
or in an: aqueous vehicle, saccharose as sweetening 
agent, methyl- and propylparaben as preservative, 
coloring and sweetening agents. 
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Different other substances can also be used in 
addition or in substition of above cited ones, as 
known by anyone skilled in pharmaceutical techni- 
que . 

It should be noted that, even if not specifical- 
ly described herein, all these pharmaceutical com- 
positions are comprised within the scope of the 
present invention. 

In the case of oral administration, the sugge- 
sted daily dosage will range, according to diagno 
sed pathology, the severeness of the clinical 
situation and the patient's weight and age, from 
30 to 600 milligrams, optionally divided in 2-4 
administrations. Preferred unit dosage forms will 
comprise therefore from 10 to 400 mg of active 
ingredient. In the case of administration by the 
intravenous route, lower dosages, ranging general- 
ly from 1 mg to 20 mg a day, are of course neces- 
sary. Preferred dosage forms in the case of intra- 
venous administration will contain from 0.5 to 
3 mg of active principle per volume unit. 
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CLAIMS: 



1. A compound of formula I, 



5. 




in the form of racemic mixture, of separated opti- 
cal isomers and, when is different from hydro- 
gen, of diasterepisomeric couples optionally sepa- 
. rated and resolved in the enantiomers wherein: 
15 R^ is hydrogen, lower alkyl, lower alkoxy, alkyl- 
enoxy, halogen , cyano* carboxyamido or ureido 
group optionally separated from the phenyl ring 
by a methylene or. ethylene bridge; 
R 2 is hydrogen, halogen, lower alkyl or alkoxy; 
- 20 R- is hydrogen, Valogien,. lower alkyl, lower al- 

koxy pr R 2 and taken together, are a methyl- 
endioxy group; 
R 4 is hydrogen or lower alkyl , 

and their pha^ma^iuUQaHy active acceptable salts. 
25 2. A compound accprdingf to claim 1 wherein R^ is 
hydrogen, lower klkyl, an halogen atom or a cyano 
group, ; and R 4 is hy^gen, 

3. A compound according to claim 1 wherein R 2 is 
..hydrogen,.' 
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4. A compound according to claim 3 wherein R^ is 
a cyano, methyl or chloro group in position 2. 

5. A compound according to claim 4 wherein R^ is 
a cyano group. 

5 6. A compound according to claim 5 which is 1- 
pheny 1-3- {2-/3- ( 2-cyanophenoxy ) -2-hydroxypropyl/- 
aminoe thy 1 J hydantoin . 

7. A compound according to claim 6 in optically 
pure form. 

10 8 . The process for the preparation of the compou- 
nds of claim 1 which consists of reacting a 1-aryl- 
3-(2-substituted ethyl )-hydantoin of formula II 
with an aryloxypropane derivative of formula III 



15 




wherein R^, R 2 , R 3 and R 4 are as defined in claim 
If X is an amino group or an halogen atom, Z is 
hydrogen and 

Y is an amino group optionally protected, or on 
25 halogen atom, or 

Y and Z, taken together represent an epoxide bond 
between the oxygen atom and the terminal carbon, 
with the proviso that one and only one between 

30 X and Y must be an amino group or a protected amino 
group, 
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and of treating, if desired, the compound of for- 
mula I thus obtained, with a pharmaceutical]^ ac- 
ceptable acid; . 

said process being moreover characterized in that 
the formula I compounds so obtained can be optio- 
nally separated in the optical enantiomers or in 
the possible diastereoisomeric couples by known 
methods, and that the reaction can be optionally 
carried out starting from optically active reagents 
having formula II and/or f oirmula III . 

9. A process as in claim 8 wherein X is an amine 
group and Y and Z, taken together, form an epoxide 
bond . 

10. Pharmaceutical compositions having fl-adreno- 
lytic activity for the orcU or parenteral admini- 
stration of therapeutically active amounts of the 
compounds of formula I or their salts, together with 
suitable carriers and excipients, in form of tatiets, 
capsules , granules , syrups, solutions , vials and 
sterile injectable bottles. 

:11. A pharmaceutical composition as in claim 10 
containing from lO to 4 00 mg of a compound of for- 
mula I per unit dose, in the case of oral admini- 
stration, and from 0*5 to 3 mg per unit volume in 
the case of parenteral administration. 
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CLAIMS : 

1. The process for the preparation of compounds 
of formula I, 




0-CH -CH-CH -NH-CH -CH -N 



> 



V 



Ah 




in the form of racemic mixture, of separated opti- 
cal isomers and, when R, is different fr.om hydro- 

4 

gen r of diastereoisomeric couples optionally sepa- 
rated and resolved in the enantiomers wherein: 
R 1 is hydrogen, lower alkyl, lower alkoxy, alkyl- 

enoxy, halogen, cyano, carboxyamido or ureido 

group optionally separated from the phenyl ring 
by a methylene or. ethylene bridge? 
R 2 is hydrogen, halogen, lower alkyl or alkoxy; 
R^ is hydrogen, halogen, lower alkyl, lower alko 

xy or R 2 and R^, taken together, are a methyl- 

endioxy group; . . 

R 4 is hydrogen or lower alkyl, 

which consists of reacting a l-aryl-3-(2-substitu- 
ted ethyl )-hydantoin of formula II with an arylo- 
xypropane derivative of formula III 
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^ CH 2 -CH 2 -X 



II 



oz 

I 

+ 0-CH 2 -CH-CH 2 -Y 




III 



wherein R 1# R 2 , ^ and R 4 are as above defined, 
X is an amino group or an halogen atom, Z is hy- 
drogen and 

Y is an amino group optionally protected, or on ha- 
10 logen atom, or 

Y arid Z, taken together represent an epoxide bond 

between the oxygen atom and the terminal carbon, 

with the proviso that one and only one between 

X and Y must be an amino group or. a protected amino 
15 group, 

and of treating, if desired, the compound of formu- 
la I thus obtained, with a pharmaceutical^ accep- 
table acid; . - 

said process being moreover characterized in that 
20 the formula I compounds so obtained can be optio- 
nally separated in the optical enantiomers or in 
the possible diastere.oisomeric couples by known 
methods, and that the reaction can be optionally 
carried put starting from optically active reagents 
25 having formula II and/or formula III. 

2. A process as in claim 1 wherein X is an amine 
group and Y and Z, taken tbgether, form an epoxi- 
de bond. > ' .: 
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